Objective: To examine the extent to which performance assessment methods affect the percentage of neonatal intensive care units (NICUs) and very low-birthweight (VLBW) infants included in performance assessments, the distribution of NICU performance ratings, and the level of agreement in those ratings.
I
N THE UNITED STATES, RECOMmended pediatric services are provided less than 50% of the time. [1] [2] [3] As a result, millions of children are at risk for adverse events during hospitalizations. The care of very low-birth-weight (VLBW) infants in neonatal intensive care units (NICUs) is no exception. Nosocomial infections are a common adverse event, leading to suboptimal outcomes and higher costs. [4] [5] [6] [7] In a group of US NICUs, 11.6% of VLBW infants developed NICU-acquired bloodstream infections. 8 In 2007, 1.5% of births were VLBW, translating to approximately 65 000 NICU-acquired infections annually. 9 NICUs have used quality improvement techniques to address this preventable complication. [10] [11] [12] Efforts to use performance incentives, such as pay-for-performance programs, to promote quality are proliferating. Fifty percent to 80% of state Medicaid programs have pay-for-performance programs, [13] [14] [15] and recently 3 states passed laws requiring hospitals to publicly report the quality of inpatient pediatric care. [16] [17] [18] However, those implementing these programs may not always seek input from child health experts, may lack pediatric quality metrics, and may not always consider the impact of such programs. 19 Recently, the Children's Health Insurance Program Reauthorization Act provided an unprecedented level of federal investment in the development of pediatric quality measures, 20, 21 and the Patient Protection and Affordable Care Act is paving the way for using quality measures in a variety of innovative payment arrangements. 22 In this context, it is crucial that physicians, policymakers, and health insurers (private and governmental) understand the challenges that face pediatric perfor-mance assessment. 23 Our ability to identify outliers is generally impeded by small volumes and low event rates in pediatrics. 24 It is also compounded by the fact that a large percentage of American children, including neonates, receive services in low-volume settings [25] [26] [27] [28] [29] ; therefore, excluding low-volume providers from performance assessment leaves the quality of care provided to large numbers of children unmeasured and, potentially, "excuses" poor performers.
In this study, we examined how performance assessment methods affect NICU quality ratings using nosocomial infection rates. 4, 7, 8, 30 The NICU setting may be particularly illustrative of pediatrics performance assessment issues because care of VLBW infants has been deregionalizing, and a significant percentage of these infants may receive care in low-volume centers. [25] [26] [27] [28] [29] [31] [32] [33] [34] Specifically, we evaluated 3 quality assessment choices. The first choice is whether to exclude "lowvolume" providers, those caring for fewer than 30 eligible patients, a convention used by The Joint Commission and Medicare, 35, 36 vs a rule based on confidence intervals (CIs). The second choice is whether to use Bayesian vs frequentist estimation. We used hierarchical modeling for either approach, drawing on the performance of all NICUs to estimate individual NICU performance. We did not examine the nonhierarchical frequentist method in which each hospital is evaluated separately, an approach whose weaknesses when dealing with low volume or infrequent observations have been described. 37, 38 Hierarchical models are increasingly considered in health care performance measurement, such as for coronary arterial bypass surgery evaluation and by Medicare. [37] [38] [39] [40] The third choice involves the measurement of period length. Most quality measurements are assessed annually, but pooling data over a longer period may yield more reliable assessments.
Thus, the first objective of this study was to examine how the previously mentioned methodological choices affect the proportion of NICUs (and corresponding VLBW infants) that are included in performance assessments. The second objective was to show to what extent any given method identifies outliers. The third objective was to describe how well NICU ratings agree with one another across these methodological choices.
METHODS

STUDY DESIGN, DATA SOURCE, AND STUDY PERIOD
The University of California at San Francisco Committee on Human Research approved this study. We used a crosssectional study design using data from the California Perinatal Quality Care Collaborative (CPQCC), 41 a voluntary collective of 128 NICUs that report demographic and clinical data into a central repository. More than 90% of NICUs in California participated in this collaborative between January 1, 2007, and December 31, 2008 . Member NICUs collect data on their patients in a prospective manner identical to that submitted to the Vermont Oxford Network. [41] [42] [43] Each record undergoes a variety of range, logic, and missing data checks.
STUDY POPULATION
We included VLBW infants (those weighing 400-1499 g) cared for at member NICUs during their initial hospital course. We excluded infants transferred from another NICU after the first day of life (so that receiving NICUs would not be penalized by infections contracted at transferring institutions).
DEFINITION AND NOSOCOMIAL INFECTION MEASURE SPECIFICATIONS
We defined a nosocomial infection event as sepsis or meningitis based on a positive bacterial or fungal culture obtained after the third day of life, following CPQCC and Vermont Oxford Network procedures. 42, 44 Events involving coagulasenegative Staphylococcus were included if the infant demonstrated other signs of generalized infection and was given antibiotics for 5 days or more. We risk-adjusted NICUspecific nosocomial infection rates similar to the standard CPQCC protocol using gestational age, Apgar score, sex, small for gestational age, singleton or multiple gestation, congenital malformation, prenatal care, any surgery, and birth location.
METHOD COMBINATIONS
We examined 3 performance assessment method combinations and 2 different data pooling periods. In method combination 1, "excluded and hierarchical frequentist," all NICUs used the hierarchical frequentist statistical approach. NICUs with patient volumes less than 30 were excluded. In method combination 2, "included and hierarchical frequentist," we included all NICUs in model estimation, used the hierarchical frequentist approach, and excluded NICUs whose 95% CI contained the 10th and 90th percentiles of the risk-adjusted rates. In method combination 3, "included and hierarchical Bayesian," we included all NICUs, used the hierarchical Bayesian approach, and excluded NICUs whose 95% CI contained the 10th and 90th percentile of risk-adjusted rates. For each combination, we calculated risk-adjusted nosocomial infection rates and corresponding NICU performance ratings using data that pooled all patients in a single year and a 2-year period. Percentiles of risk-adjusted rates were calculated using NICUs with a volume of 30 or more.
OUTCOMES
The main outcomes of interest were (1) the percentage of NICUs (and resulting proportion of VLBW infants) included in performance assessment, (2) the distribution of NICU performance ratings across 3 levels ("above average," "average," and "below average"), and (3) the agreement in NICU performance ratings across the 3 performance assessment combinations and 2 measurement periods.
ANALYSIS
For the first outcome, we calculated the percentage of NICUs that would be included in performance assessment by each of the 3 main combinations of statistical methods and 2 measurement periods and the percentage of VLBW infants seen in those NICUs.
For the second outcome, we used the 95% CIs for each NICU's nosocomial infection rate compared with the mean for the whole group to determine performance rating. If the riskadjusted upper and lower values of the 95% CI for a NICU were both higher than the mean, the NICU was considered above ARCH PEDIATR ADOLESC MED/ VOL 165 (NO. 5), MAY 2011 WWW.ARCHPEDIATRICS.COM 430 average; if both values were lower than the mean, the NICU was considered below average.
CI CALCULATION METHODS
In both methods used for calculating CIs for risk-adjusted rates, a hierarchical logistic model was estimated assuming that the logistic transformation of a patient's risk of infection is estimated by the sum of individual risk factors and a hospital effect, assuming that the set of all hospital effects has a normal distribution. Both methods produced a CI for a pseudo-observed to expected ratio. The CIs for a hospital's observed to expected ratio were multiplied by the overall rate to produce the CI for risk-adjusted rates.
HIERARCHICAL FREQUENTIST
We used Proc GLIMMIX in SAS (version 9.2; SAS Institute Inc, Cary, North Carolina) to perform a deterministic calculation producing an estimated value of each hospital effect (centering around zero) with an SE. These were used to obtain a symmetrical 95% CI in the logistic domain using the following formula: [(estimate±1.96)ϫSE]. The lower confidence limit for the observed to expected ratio was calculated as the ratio of the number of infections predicted with vs without the lower confidence limit of the hospital effect and conversely for the upper limit.
HIERARCHICAL BAYESIAN
We obtained CIs from the same model using a Bayesian analysis software package (WinBUGS version 1.4; BUGS Project, MRC Biostatistics Unit, Institute of Public Health, Cambridge, United Kingdom). This method used Monte Carlo simulation to obtain random estimates of hospital observed to expected ratios directly, calculated as the ratio of events predicted with and without the hospital effect. The prior distribution assumed for the hospital effects was a normal distribution with a mean of zero. In addition, noninformative hyperprior distributions were used as part of the estimation process, which had no effect on the model. The 95% CI was obtained as the 2.5% and 97.5% percentiles. In the Monte Carlo method, estimates vary slightly depending on the arbitrary choice of a random number seed, an effect that becomes smaller as the number of iterations increases. Two consecutive 30 000-iteration runs showed no change in performance group assignments.
AGREEMENT
For the last outcome, we tested agreement in ratings across the performance assessment combinations and measurement periods using a simple unweighted , which describes agreement between 2 observations, taking agreement by chance into account. We considered ratings to be in agreement only if there was an exact match (ie, both average, both above average, or both below average). If a NICU was excluded by one method and was included by the other method, that was considered nonagreement. We considered that Ն0.80 would indicate a high level of agreement.
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RESULTS
Between January 1, 2007, and December 31, 2008, 126 NICUs participating in the CPQCC admitted 10 732 VLBW eligible infants. The mean gestational age of these infants was 28.0 weeks, and their mean birth weight was 1041 g. The mean nosocomial infection rate was 14.4% (interquartile range, 8.7%-17.9%). Table 1 displays the distribution of NICUs regarding patient volume and service level based on level of neonatal care. 48 The 123 NICUs that were in the CPQCC for both years of the analysis and that had complete records of riskadjustment variables included 10 487 patients. The 3 performance assessment combinations and 2 measurement periods being tested yielded a range of 51% to 85% of NICUs and 72% to 96% of patients included in performance ratings ( Table 2) . Approximately half of the NICUs (55%) would be included in performance assessments if low-volume NICUs were excluded and the measurement period was a single year; using the single-year period, approximately the same number of NICUs (54%) would have their performance assessed using the hierarchical Bayesian approach. The number of NICUs assessed increased by using a 2-year period, with 90% to 96% of infants included in the 2-year measurement periods compared with 72% to 84% of infants for 1-year combinations.
Whether NICUs were considered average, above average, or below average differed depending on performance assessment combination and measurement period. Using 1 year of data, 86% to 87% of NICUs were considered average, 3% above average, and 10% to 11% below average. Using 2 years of data, 76% to 78% of NICUs were considered average, 5% to 7% above average, and 16% to 18% below average.
NICUs included by 1 method and excluded by another were always rated as average when included. This was likely due to a characteristic of hierarchical models in which as the number of patients or infections declines, the estimated CI is shifted toward the characteristics of the overall population of hospitals.
The statistic comparing NICU performance ratings between performance assessment methods ranged from 0.23 to 0.89 ( Table 3) . The least amount of agreement came from comparing measurement periods that were a single year with those that were 2 years ( = 0.23-0.42). The level of agreement was higher ( = 0.56-0.89) when measurement periods were the same; the highest level of agreement was in the 1-year measurement period between the hierarchical frequentist (method 2) and hierarchical Bayesian (method 3) approaches (=0.89). 
COMMENT
We found that performance assessment methods can have a large effect on the percentage of NICUs and VLBW infants included in quality assessments and on performance ratings. In this sector of the health care system where low-volume providers are relatively common, the proportion of NICUs included in performance assessment and the distribution of ratings shifted depending on the method. Choice of method also affected how many NICUs would be considered average. The ability to differentiate providers is important so that the techniques and strategies being used by high performers can be replicated and the practices of low performers can be understood and bolstered. Agreement between performance ratings ranged from 0.23 to 0.89. This finding underscores the variability in performance assessment methods but also gives insight into the level of consistency one should expect if deciding to shift from one method to another. The choice of method affects how NICUs are labeled in terms of their performance. We used hierarchical statistical modeling, which tends to label low-volume NICUs as average. In contrast, traditional nonhierarchical frequentist methods tend to label these NICUs as low or high performers. Although the methods examined in this study tend to eliminate erratic changes in a NICU's apparent performance over time, there may be a potential cost of labeling a NICU as average simply because it has persistently low patient volume.
There are 2 main limitations to this study: we studied care in California NICUs, a small segment of the pediatric health care system, and we based performance on a single measure. Although this study focused on NICUs in California, the patient population is subject to a dynamic documented for other NICUs 25, 27, [31] [32] [33] [34] and for hospitals that admit children 24, 49 : whereas relatively few hospitals care for large volumes of neonates or children, many hospitals care for relatively small volumes of these patients. Indeed, the limitation of small numbers has been documented in other pediatric measures, including an Agency for Healthcare Research and Quality measure of pediatric nosocomial infection rates. 16, 24, 50, 51 Although we based NICU ranks on a single measure of quality, that quality measure is considered clinically valid and reliable and one of the handful of pediatric quality measures currently available. 52, 53 Being able to assess and compare the quality of health care providers is a cornerstone of quality improvement, pay-for-performance, and public reporting programs. Choosing the appropriate performance assessment method depends not only on the availability of evidence-based quality measures but also on an understanding of the ecology of medical care in subsectors of the health care sys- Above average  3  3  3  6  7  5  Average  87  86  87  78  76  77  Below average  10  11  10  16  18  18 Abbreviations: NI, nosocomial infection; NICU, neonatal intensive care unit. a Combined method 1 is "excluded and hierarchical frequentist"; combined method 2, "included and hierarchical frequentist"; and combined method 3, "included and hierarchical Bayesian."
b Total number of eligible NICUs = 123. c Total number of eligible patients for 1 year of data was 5173; 2 years of data, 10 487. tem. This study illustrates that the rationale for setting minimum patient volumes in adult hospital comparisons may not fully translate to pediatrics because the proportion of providers excluded may be high. This approach can exclude nearly half of existing NICUs from performance assessments. This could be considered negligent in situations in which it is known that lower volume is significantly associated with lower quality. 26, 28, 29 Pooling data over a longer period may be a solution to the problem posed by small volumes. It not only allows the inclusion of more providers but also makes it easier to identify outliers and is less susceptible to differences in statistical approaches. Although this strategy may be critiqued for limiting the capacity to track changes in a timely manner, it can be argued that major quality improvement interventions may take at least 1 year to implement, 54 and 2-year periods can be assessed in a rolling manner such that performance assessments always include the most recent year's data.
We used a definition of nosocomial infection aligned with that of the Vermont Oxford Network. However, there are other relevant definitions. For example, the Centers for Disease Control and Prevention National Healthcare Safety Network specifies infections associated with a central line, using device patient-days as the denominator. 55 Because the requirement of central line placement would reduce the denominator, the effect on exclusion of smaller NICUs may be greater with this approach. The nosocomial infection measure, which is one of the Pediatric Quality Indicators from the Agency for Healthcare Research and Quality, is an attempt to closely approximate the CPQCC definition of nosocomial infection using administrative data. 56 The Joint Commission Perinatal Core Measure set includes health care-associated bloodstream infections in newborns and also relies on administrative data. 53 Administrative data may not accurately identify health care-associated infections as well as prospectively collected clinical data. 57 Further study of alternative definitions of nosocomial infection may underscore the effect on low-volume settings. We found a slight difference in performance assessment inclusion and ratings when comparing hierarchical frequentist and Bayesian analyses (Table 2 ). This analysis does not use a criterion standard and, therefore, gives no insight into whether a Bayesian vs frequentist approach is preferable. However, considering that the agreement between these methods was relatively high ( = 0.72 for 2 years and =0.89 for 1 year), this choice may not be crucial if hierarchical modeling is used.
Children in the United States deserve the safest and most effective health care that modern medicine has to offer. Recent federal legislation is likely to be a positive force in establishing programs aimed at measuring and promoting pediatric health care quality. Quality ratings of pediatric providers will likely be at the core of these efforts, and it is essential that interested parties understand how even basic performance assessment conventions can affect whether providers are included in quality assessments and performance ratings. In conclusion, different strategies for performance assessment lead to differing inclusion and ratings for NICU comparisons, particularly when low-volume providers are commonplace. Physicians, payers, and policymakers should continue to closely examine the extent to which performance assessment methods affect which pediatric providers are assessed for quality and the ratings they may receive. 
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